Chapter 3

CULVERTS
-

D escription

A culvert is a closed conduitused to convey w ater from one area t© another, usually from one
side of a 10ad to the otherside.

Im portance to M aintenance & W ater Q uality

D isposal of minoff fiom 1oadw ay ditches w ill help preserve the mad bed, ditches, and banks.
Stategically placed culverts, along w ith road ditch tum-outs, w illhelpm aintain a sable velocity
and the properflow capacity forthe mad ditchesby tim ely ocutleting w aterfrom them . Thisw ill
help alleviate roadw ay flooding, reduce erosion, and thus reduce m antenance problem s. T
addition, stategically placed culverts help distrbute moadw ay munoff over a larger riparian
filtlering area. Culverts preserve the road base by draining w ater fiom  ditches along the road,
keeping the sub-tase dry.

CulvertProfile

General

Culverts can be divided mnto tw o functional types: Straam C rossing and RunoffM anagem ent.
The firstculverttype, stream crossing culvert; is self defining. A culvertis required w here the
1oadw ay crossesa stream channel to allow w aterto passdow nstieam . The second type culvert,
runoffm anagem ent culvert, is one w hich is stategically placed to m anage and route roadw ay
mmoffalong, under, and aw ay from the roadw ay .M any tim esthese culvertsare used to transport
upland mnoff, accum ulated n rad ditches on the upland side of the roadw ay, to the lIow erside
fordisposal. These culvetts are com m only called cross-drais.

hstallation, m odification, and i provem ents of culverts should be donew hen stream  flow sand
expectancy ofran are low . deally, the entire Insallation process, from beginning to end, should
be com pleted before the nextrain event. A 1l existng and or reasonable potential steam flow s
should be diverted while the culvert is being insalled. This will help mduce or avoid
sedin entation below the nsallation site.
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=Culerts For Stream Crossings

W hen msalling culverts @nd bridges) forsteam crossings, seek to m aintan the original and
natural fullbank capacity (cross-sectionalarea) of the channel. C onstrictionsatthesepointsare
contrbuting factors In costly bridge and culvert “Yolow -outs” w hich generate a large volum e of
sedin ent deposited directly nto the stream . A lign and center the culvert w ith the existing
stteam channel w heneverpossible. A s am ninum , align the culvert w ith the center of the
channel in m ediately dow nstream of the outlet. If channel excavation is required to help align
the culvert, it is frequently best to excavate the upstream channel to fit the culvertentrance and
align the outletw ith the existing natural channel. M nin al disturbance of the channel at the
culvertoutlet should be the priorty consideration. Tnasm uch aspossible, the grade of culverts
should be determ Ined by the grade of the existing channel, butusually not less than 0 5% nor
more than 1% . The outlet should discharge at the existing channel bottom . A professional
engineer, experienced n hydmlogy and culverthydraulics, should be consulted fordeterm nation
ofactualculvertgradesw hen dealing w ith peculiaralionm entorlaying conditions, and upon any
deviation from nom al and usual mstallation procedures. Keep distutbance of the channel
bottom , sides, adjacent land, and sunounding natural landscape to a mnimum during
ns@allation. Ins@all energy dissipating structures and or amm or at the outlet w here scour and
erosion are likely to occurfiom high exitvelocisy due to steep culvertinstallation , nearproxin ity
to channel banks, drwops at the end of the culvert, etc. See Chapter 4 on OUTLET

STRUCTURES). Esblish and m aintain at least one footof rad bed coveroverall culverts.
Tw o feetorm ore cover is the desired optim um .

““Culverts For RunoffM anagem ent

W here cross-drains are needed n conjunction w ith “tum-outs”, it is ideal to place culverts no
m ore than 500 feetapartalong the roadw ay t© control the volum e and velocity of flow w ithin
1ad ditches. Stesperroad slopesm ay require closer spacing t© discharge accum ulated mnoff
In excess of ditch capacity and orto keep velocitesdow n. Thagn uch aspossible n non-stream
crossing locations, a “um-out’ (“ail-ditch”) should coincide w ith the outlet Jocation ofa cross-
drain culvert to “dum p” trangported and accum ulated w ater from  the receiving ditch. W here
private roads and drivew ays Itersectpublic radw ays, nsall culverts to m aintain continuity of
flow w ithin the ditch w hile allow Ing acoess across the ditch. T cases of no head w all, ins@all
enough culvert to extend each end at leasttwo Q) feetpast the toes of the rad bank slopes.
Ins@allenergy dissipating souctures and oram oratthe outletw here scourand erosion are likely
to occurfrom high exitvelocity due to steep culvert insallation, nearproxin ity to ditch banks,
dropsatthe end of the culvert, etc. SeeChapter4 onOUTLET STRUCTURES). Es@blish and
m aintain at least one foot of mad bed coveroverall culverts. Tw o feetorm ore cover is the
desired optin um .
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MaprCross
Drains

These usualy faciliate Brge dmhage aras whith m ay hclide a netwoik of wadway diches, feld
drais, etw.and often dischamge ata ponti orneara naturalsttream ordmiage.

htem ittent
Cross Drains

These usually connectmwad dirches on the uphnd side ofa wadway to wad diches on the opposie
sie, orconvey waterto discharge ponts on the opposie sile ofa mwadway.

M iscellaneous "
Cross Drains

Thesem anhtan conthuity offbow by connecting orre-connecting mad diches which have been crossed
by an ntersectihg wad ordriveway, or sin ply provide ordrmihage undermwads and driveways. Ako,
note the need forscourpmotection atthe outkets. Thi & a spnifcantsource of sedin entation.

Exhibit3 2 -RunoffM anagem entCulens



M amtenance A tSensitive A quatic Environm entC rossings

Tasan uch aspossible, m antain pre-existing conditions In stream sw hen perform ingm aintenance
on culverts forstream crossings. A void in pedances to fish and otheraquatic fauna by adhering
to the follow Ing:

a.

Contactthe state ficheriesbiologistortheU S.Fichand W ildlife Sexvice USFW S) for
assistance.

D onotsubsantially alterw atervelocities. E specially do notcreate excessive velocities.
K eep In-pipe velocites w ithin those navigable by fish.

D o notcreate vertical barriers.

D onotcreate adverse w aterdepths. K esp n-pipe flow depthscom parable to thossofthe
associated stream channel.

D onotcreate flow soutside the range of flow snomm ally encountered throughoutthe year,
orat least those flow s which m ay negatively in pact the aquatic life in the stream .

M ake sure the culvertdesign accom m odates the size and species of fich passing through
i.

Provide resting poolsatculvert inletand outlet forculverts nstalled across stream sw ith
high channel gradients.

U = comugated culverts to decrease w ater velocites through the culvert and supply
resting areas form igrating fich.

U == bridges, bottom less arches, partially buried culverts, orother sin ilar stuctures in
areas w here fich passage and specie habitat is an in portant consideration.

A tstream crossings, selecta culvertsite w here there w illbeno abrmiptchange in gradient
and the upstream and dow nstream  channel alignm ents are as straightas possible for50
feet n eitherdirection.

Congiderm axin um design flow sw hich w illnot create adverse stream conditons.
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FISH FRIENDLY DESTGNS
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HIEH YWATER WELGCITY SMO0OTH GRAGE-
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RO HIGH
-

DETAIL — BUTTOMLESS ARCH GULVERT

Fiure 3-1. Examples of F'ish Friendly D esigns

18



Culertnstallation/Replacem ent

I live (flowing) steam s nsall sandbags, silt fences, earthen dikes, or other appropriate
measures to hibit flow when possble. Use a pump to convey water aound the
excavation v ork site. D ischarge pum ped w ateronto a sable outlet to preventscour. W ith live
stream flow sw hich cannotbe in pounded, divert the flow to one side of the culvertalignm ent.
Enough room should be allow ed to properly excavate the entire pipe trench and bed the entire
culvert. M nin ize disturbance of the surounding soiland vegetation.

Excavate trench side slopeson a safe grade to preventcaving. Thasm uch aspossible, the bottom
of the trench should be at least tw ice the w idth of the culvert to be nsalled and graded asnear
to designed culvertgrade as possible.

O nem ethod of properly nsalling a culvert is to sartatthe outletend, lay the culvertup-slope,
property bedding each jpintas nstallation proceeds. The first section or “point” is critical, and
Soecial attention should be given to proper insallation, grade, and alignm ent t© r=duce the
potential forsoourand erosion from w aterdischarge, and, to ensure the w hole culvert isaligned
properly. Pipe joints should be w rapped 1-1 2 tin es around w ith geotextile filter fabric. The
fabric should extend at least tw o feeteither side of the pIntoredges of the connecting band it
one isused. This is egpecially true w ith concrete or other types of pipes w hich m ay nothave
mibberorm astic sealsatthe connecting pmts. O nce the culvertis msalled and secured nplace,
divert the flow through the culvert and comm ence filling the by-pass channel, if any, and
com plete the backfilling around the culvert. Backfill around and over the culvert should be
placed evenly and level mmaxin um 12" loose lifts and thoroughly com pacted before adding
successive lifts. Scarify wughen) the top tw o Inchesof com pacted surfacesw hich have a slick,
sm ooth, or glossy finish after com paction. Six ) nch loose lifts should be used below the
m dpomntof the culvert. D o notuse oroperate m achinery closerthan tw o feetof the culvert.

M ulch and vegetate all distutbed areas. U e silt fences or other appropriate erosion control
measures to prevent or reduce ermsion and sedim entation untl s@bilizing vegetation is
established.

Head W alls H eaders)

H ead w allsm ay be used w hen hydraulic capacity needs to be increased, and orw hen insalling
ahead w allw illbem ore efficientthan culvertr=placem ent. H ead w alls should be fluch w ith the
end of the culvert. Head wall “w Ings” (extensions) help m old and directchannel flow nto the
culvertand protectthe area around the Inletfrom scour. H ead w allsm ay be of poured concrete,
bagged concrete, concreteblocks, bricks, Jogs, cutw ood, orm ay e shaped Joose rock riprap, etc.
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Cleaning and M aintenance

Onem ethod t© acocount forall culverts is to m aintain an ventory of culverts and under-drains
and use a checklist fiom this Inventory to account for culverts during ingpections. Tspect
culverts often, egpecially in the spring and auttm n, and after stom events, checdking them for
signsof conosion, jpIntssparation, bottom  sag, pipeblockage, piping, fill settling, cavitation of
fill (sinkhole), sedin ent buildup w ithin the culvert, effectiveness of the present nletoutlet
nverts, etc. Check inletand outlet channels for signs of scour, degradation, agradation, debris,
channelblockage, diversion of flow , bank and othererosion, flooding, etc.

Practice preventive m aintenance o avoid clogging of pipes and other sitiations which m ay
dam age the culvertordin nish itsdesign fimcton. Fa culvertisplugged w ith sedin ent, flush
it from the outletend w ith a high pressure w aterhose. Take m easures t© r=duce dow nstream
sedin entation and clean debris and sedim ent from  the outlet ditch afterw ards.

W hen replacing dam aged culverts w hich handle the flow adequately, use the sam e size, shape,

and type of pipe. Changing any of these criteria m ay adversely effect the establiched sability
of the ditch, stream , and orroadw ay .
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Head wals can stabilize culvertoutkts and enttances and in prove fow efficency athkets.

Exhibit3 3 -Head W alk Headers)






Chapter 4

OUTLET STRUCTURES
-

D escription

O utlet stictures are used to reduce and or control energy from ditch or culvert discharge, and
release the discharge dow nstream under controlled, sable conditions.

Im portance to M aintenance & W ater Q uality

O utlet structures r=duce the velocity of w ater carried by mwad ditches and culverts, therefore
helping t© contol sedim entation. W ater should outlet to areas w ith m oderate slopes and
vegetative filterstrips orriparian areasbefore entering surface w aters. This type of outlet, often
referred to as day-lighting, w il allow form ost of the sedin ents and other pollutants t© be
1em oved before mnoff enters surface w aters.

Location

0 utletstuctures should be Jocated w here concentrated , turbulent, and orhigh velocity flow sare
discharged onto areasw hich can be erosive, orw here the discharged w aterrequires filration or
settling of sedimments. This can be outlets for swales and rad ditrhes, flum es, mnoff
m anagem ent culverts w ithin the road ditch system , orculverts used at stream  crossings.

Im plem entation

Structures

Splach/Stlling/flunge Basin

Bashs fusually rodk- lined) w hich are w ater-filled, orw il fillw ith w aterduring nnoff events,
Jocated athigh-energy ocutlets of conveyance structures such as steep flum es, and m ore usually,
cantlevered pipe ocutlets.

The purpose is to use the pooled w aterto dissipate the energy of the flow Ing w ater discharged
by the conveyance structure. Basis are usually constiucted as a depression below the outlet
channel elevation as shown in figure 4-1, but can be constucted w ith the basin bottom  at the
outletchannel elevation and the basin form ed by constructing aw eir Hprap, gabion, etc.) across
the outlet channelas shown In figure 42 . Thebash isusually w derthan the outletchannelby
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design and tapers to fit the existing channel at the basin exitpoint. The basnsm ustalw aysbe
Iined w ith a properly sized and or classified, non-erosive 1ining such as riprap, concrete m ats,
gabions, etc.underlain w ith filterfabric ora graded aggregate filter. These stuctures require the
design sevvices of a professional engineer.

TCP OF CHANNEL ARMOR
/—CULVERT
NATURAL CHANNEL BOTTOM

5 . 1

TOP OF CHANNEL ARMOR
CULVERT
/ WEIR
MATURAL CHANNEL BOTTOM
T =

—TOE WALL

FILTER

Fyure 4-1.D epressed Type Fyure4-2.W eir-formed
Plmge Basin Ihistration Plmge Basin Ihistration
Splash A pron

A w dened, flat, arm ored area, levelto slightly sloping, Jocated atthe low -energy discharge point
of conveyance structures and or splash plinge basins. Flow exitng this stucture should enter
a stream orvegetated outlet.
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Fyure 4-3.Splash Apron Iistation

A s chown In figure 43, the structure’s bottom din ensions taper fiom a nanow w idth at the
conveyance stucture discharge point to a w ider din ension at the outlet som e disance
downstream . This soreads the water In a fanning action over the mugh, am ored surface
reducing the velocity, and prom oting sheetflow asthew aterexits nto stream soronto vegetated
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Exhbi4 1lc -W er-fom ed plinge bash atculertdischarge w ih transiton apron t© nanow outktchannel

Exhibit4 1 - Sphsh/As tlihg /P linge Basns



Exhbi4 3 -StHllng W ell



areas. A mm ored side slopes are offen necessary to prevent scourand erosion along the edge of
the structure. The amm orusually extends above and around pipe structures and blends into other
conveyance stuctures to prevent scourand underm ning at the discharge point. Toew allsm ay
also be necessary w here the stuicture outlets onto earthen surfaces. A m orm aterial should be
sized and or classified to w ithstand the m axin um design discharge velocities.

D rop InletBoxM anhole

An enclosed stucture, constructed orprefabricated from reinforced concrete, concrete blocks,
bricks, plastic, or other sound stuictural m aterial, w hich w i1l receive the discharge end of a
culvert, fim e, ditch, ete., dissipate the energy, and safely release the discharged ninoffata low er
elevation. See figure 44 below .

MANHOLE
[ ACCESS [OPTIONALY

CONCRETE UD ——o — |

| t I| /DH{JP BOX OR MANHOLE
— ] |
_5”
|
g ||
-
|
] r ::l_ 70_{»_':: : HER OUTLET STRUCTURE
18 MIM. 1 | Ly | | A% NEEDED
L [ ______l,'\h
COBRSE AGGREGATGE

" MIN. 3% WEEP HOLES (4 sa.)

Fiure 44 .D rop ThletBoxM anhole Illistration

This structure w orks w ellw here there is a severe cross—lope from one side of the 1oad to the
otherand a cross-drain culvert is installed, orw here there is a desire t© reduce rad dich and
flum e slopes. This situation is often found w here head cutting gullies have eroded up to the
mwadw ay . These structures require the design of a professional engineer.

Stlling W eIl

An enclosed stucture, constructed orprefabricated from reinforced concrete, concrete blocks,
bricks, plastic, or other sound stuictural m aterial, w hich w ill receive the discharge end of a
culvert orpipe, dissipate the energy, and safely release the discharged mnoff ata higher level.
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MANMHDLE (QPTIONAL)
[ ACCESS

CONCRETE LID — 4 _~—OUTLET WINDOW

CLITFLOW CHANNEL

/DRCIP BOX OR MANHOLE

| ot
T
i |
| | GAN REGEME OME OR MORE DISGHARGE FIFES
T
el
l
18" MM, x

12" WM. "0 WEEP HOLES (4 ea.)

Fiure 4-5. Stilling W ell ITlustration

To be used only at the singularoutlet location of one orm ore pipes.

U seonly w hen low estpipe mietvertw illbe higherthan the outlet invertof the stdlling
w ell stucture.

This stucture w orks w ell In areas w here energy dissipating structures are needed atthe
ends of pipes and there is 1im ited space t© nsall such stuctures. A Iso can be a cost-
saving stucture.

These stuctures require the design of a professional engineer.
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